A submersible UV/VIS spectrophotometer has been implemented on the pre-treatment unit of a large-scale wastewater treatment plant (350,000 person-equivalent) to monitor the rapid changes in total Suspended Solids and total Chemical Oxygen Demand occurring during rain events as well as injections of reject water from the sludge treatment train or wasted activated sludge.
INTRODUCTION
The sensitivity of wastewater treatment plants for nutrient removal to temporal variability makes the implementation of systems able to inform in real-time the operators of wastewater characteristics an important issue. Furthermore due to the new discharge limits implied by the European Union Water Directive 2000/60/CE a better characterization of the pollution contained in rain and storm water is necessary in order to optimize its handling. UV-visible spectroscopy has been recognized for years as a way to obtain information on the pollution load of water samples due to the vibration properties of unsaturated bonds present in some pollutant molecules (Mrkva 1983) . Recently submersible systems have been made available for direct monitoring in rivers, drinking water supply sources (Fleischmann et al. 2002) as well as in wastewater treatment works (Rieger et al. 2004; Langergraber et al. 2004a,b) . In order to help local authorities to fulfil their commitment of improvement of the quality of discharged water in the Meurthe River (classified as a sensitive water body) it has been decided to test the performances of an in-situ spectrometer to monitor rapid changes in the characteristics of wastewater and rain water. For these tests the device has been implemented on the pre-treatment stage of the Nancy-Maxé ville wastewater treatment plant (350,000 PE) which receives wastewater from a combined sewer network. In previous work using UV/VIS submersible spectrophotometers on CSOs it has been reported difficulties concerning calibration due to the fast changing composition of the wastewater composition (Stumwö hrer et al. 2003; Gruber et al. 2005) .
MATERIALS AND METHODS
with a light path length of 5 mm has been used. It has been connected to a Con::stat (PC) on which the Ana::pro operating system was running. The device was always operated according to the manufacturer's indications. The minimum measurement period is 1 min and no smoothing was applied. Only total Chemical Oxygen Demand (COD) and total suspended solids (SS) will be discussed in the present contribution. Air cleaning period was set to 15 min. The system ( Figure 1 Rainfall data were provided by Greater Nancy Water District, which operates a rain gauge network of 21 units.
Average daily COD, SS and flow rates values were also obtained from Greater Nancy Water District.
RESULTS

Calibration issues
The primary aim of the tests performed in the at-line tank fed by primary settled wastewater (location P1) was to compare the global calibration provided by the manufacturer and built on a large number of different wastewater samples and the local calibration procedure. In Figure 3a the COD values obtained in the laboratory have been plotted versus the COD values provided by the UV-vis probe using the global correlation.
Globally the obtained result is good: the slope is close to 1 but there is some dispersion at high concentrations. In Figure 3b 
Monitoring of rain events
One of the foreseen applications of the UV-vis probe is to monitor COD at the inlet of a combined sewage-rainwater treatment unit. It is therefore important to test the reactivity of the UV-vis probe to rain events, at least qualitatively. In order to evaluate the amount of rainwater produced by each rain event, the rain gauge data were transformed into rain volume by multiplication with the impervious surface that can be affected to each rain gauge. Due to the size of Greater Nancy sewer network (750 km), the presence of several combined sewer overflows and the fact that rain events (especially summer storm) can affect more or less severely different geographical areas, it is difficult to calculate how much rainwater effectively reaches the wastewater treatment plant. To have an idea of the amount of water generated as well as of the duration of the events, the rain volumes have been plotted per rain gauge.
In Figure 8 the monitoring of a summer evening storm is presented. Samples were collected by an autosampler every 30 min during that event. This event caused the amount of wastewater treated in the plant to increase from 63,000 m 3 /d to 75,000 m 3 /d. Two sub-events can be detected through the raingauge network, the first one at 6 pm and the second one occurring 40 min later. Both sub-events were detected by the UV-vis probe at location P2, in spite of the noise affecting the device at that location. The UV-vis probe COD values are in agreement with the measurements obtained on the samples A small increase of the COD could be observed during the small rain event on Oct 1st (first flush effect). Such an increase was not observed during the subsequent 22 hrs long rain event. A large dilution effect could be seen instead.
The SS data are very noisy and difficult to interpret without further processing. For both parameters there is a satisfactory agreement with the average daily values measured at the plant inlet.
Finally a series of rain events of moderate intensity was monitored when the UV-vis probe was installed on the primary settler ( Figure 10 ). Location P3 is less suitable for rain event monitoring due to the dampening effect of the primary settler. Nevertheless a perturbation of the daily cycles can be seen in the case of long rain events (Nov 11 & 12, 2006; Nov 20 to 22, 2006) . The wastewater flow rate was very large for the whole period. A satisfactory agreement was observed with the daily average values, except toward the end of the test.
CONCLUSIONS
A UV/VIS submersible spectrophotometer has been tested at the inlet of a wastewater treatment plant to monitor rapid changes in COD and SS that occur during rain events.
Although the device is able to provide very useful qualitative information on the variations in the wastewater composition, two problems were found which affects his performance: large noise (probably due to air bubbles and particles)
of varying characteristics and difficult calibration. This problem has previously reported for experiments on a smaller catchment (Gruber et al. 2005) . As wastewater composition is very dependent upon the type of rain event, calibration should be done for each event, which is certainly not the goal. As stated by Rieger et al. (2006) it is not easy to take into account large shifts in the wastewater matrix. One should not forget however that COD and SS are very global parameters that have their own limitations. The focus of our current work is on the treatment of the signal noise problem which should be solved before trying to improve the calibration procedure and direct use of the spectral information.
